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Making functional eggs requires a bidirectional conversation between oocytes and their companion somatic cells. Filopodia emanating from somatic cells carry crucial developmental information to oocytes, and a new study shows that oocytes signal elaboration of this key connection.
A conceptual change in the world of female gamete biology took place near the end of the last millennium. It was previously thought that developing oocytes were big but passive cells benefiting from the largess served up by their more diminutive companion cells. In fact, these companion cells were often identified as 'nurse' cells, a name implying their function. Now it is realized that the production of a functional oocyte, or egg, depends on more complex communication among these cells, and that the oocyte itself orchestrates the conversation [1] . How are the supporting somatic cells linked to oocytes and how do they join the conversation?
Intercellular communication drives the function and evolution of multicellular organisms. The big three of these communication modalities are endocrine, paracrine, and juxtacrine. Although ovarian development involves all three, only paracrine and juxtacrine signaling occur within the oocytesomatic cell complex. There, juxtacrine communication between adjacent cells takes place via membrane specializations called gap junctions, which allow cell-to-cell transfer of low molecular weight signaling or nutritional molecules. As the oocyte volume to surface area ratio increases dramatically during growth, this intimate communication through heterologous gap junctions between oocytes and somatic cells provides a functional increase in membrane surface area for transport of nutrients to the oocyte and a direct pathway for sharing metabolic intermediaries and products.
Gap junctional communication between mammalian oocytes and companion somatic cells begins at the primordial follicle stage (Figure 1 ), wherein non-growing primordial oocytes are stored for extended periods before recruitment for oocyte growth and follicular development. The flattened surrounding somatic cells of primordial follicles surround and directly contact oocytes. Shortly after activation of primordial follicles, oocytes begin to grow, while companion somatic cells become cuboidal and proliferate in primary follicles. Growing oocytes elaborate a proteinaceous matrix, the zona pellucida, which separates the somatic cells from oocytes. The zona pellucida has an important function much later in development when it allows penetration of only one sperm after insemination [2] . But despite their separation from oocytes, the somatic cells, now called granulosa cells, maintain contact with oocytes using transzonal processes, or TZPs. As oocytes grow, granulosa cells and TZPs proliferate. The new study, published recently in Current Biology by El-Hayek et al. [3] , shows that TZPs are filopodia generated by granulosa cells. Even granulosa cells that become located two or more layers away from oocytes in secondary follicles produce filopodia that bypass the proximal granulosa cells and traverse the zona pellucida ( Figure 1 ) [4] . Gap junctions are located where the feet of TZPs contact the oocyte.
TZPs and gap junctions provide the structural pathway for the 'conversational' exchange of low molecular weight molecules between granulosa cells and oocytes. The known physiological direction of diffusive movement is from granulosa cells to oocytes. But also, appropriately sized markers experimentally injected into oocytes can diffuse into the granulosa cells via the gap junctions and TZPs as done using Lucifer Yellow dye in the new paper [3] .
Physiological traffic through the TZPs includes metabolites and signaling molecules. Oocytes are deficient in their ability to produce some products of glycolysis and cholesterol metabolism [5] . Therefore, oocyte growth and development depend upon production of these metabolites by granulosa cells and transfer through TZPs to oocytes -a process sometimes referred to as metabolic cooperativity. The more granulosa cells that are metabolically coupled to the oocyte, the more rapidly the oocyte grows [6] . Oocytes, which lack some of the metabolic processes needed for their own development, convince the granulosa cells to not only produce what they need but also to stimulate the establishment of the pathway for product delivery [5] .
Although it was known that both paracrine and juxtacrine pathways participate in the oocyte-granulosa cell regulatory loop, the missing link pulling this story together was the mechanism for establishing and maintaining the juxtacrine-TZP pathway. Maintenance of the juxtacrine pathway can be challenged by the forced separation of granulosa cells by the enlarging zona pellucida, granulosa cell proliferation, and TZP multiplication (Figure 1 ). This new research resolves the fundamentals of this mechanism and highlights the selfish oocyte with its enviable talent for advancing its own interests. The study also discovered an age-related diminution or decay of communication, which could be another contributing factor to the wellestablished decline in female fertility with increasing age.
Paracrine growth factors secreted by oocytes stimulate metabolic pathways in granulosa cells essential for oocyte growth and development. These factors also promote the proliferation of granulosa cells and their differentiation [7] [8] [9] and stimulate granulosa cell production of factors that regulate meiosis [10] . The best defined paracrine factors secreted by mammalian oocytes are members of the transforming growth factor B (growth differentiation factor 9 (GDF9)) or bone morphogenetic protein 15 (BMP15) homodimers or Dispatches GDF9-BMP15 heterodimers, and fibroblast growth factor families [11] [12] [13] . As a generalization, the route taken by oocytes to affect granulosa cell functions is mainly paracrine whereas granulosa cells take mainly the juxtacrine pathway of TZPs and gap junctions to promote oocyte growth and development, as illustrated in Figure 1 . A key finding of this study is that oocytes use paracrine signaling, primarily GDF9, to stimulate its companion granulosa cells to promote formation of filapodia and perhaps guide them through the zona pellucida [3] . Systems that support oocyte development in vitro have great potential for several applications: saving human oocytes from the ravages of chemotherapy or rescuing endangered species from the ravages of humanity, for example. Isolated oocytes do not grow in culture, but depend on the maintenance of the oocyte-granulosa cell interaction [6, 14] . Although considerable progress has been made using both mouse and, recently, human tissues [15, 16] , there is a long way to go to improve the efficiency of these culture systems. Going forward, it will be important to assess the ability of culture systems to maintain TZP proliferation and correctly guide their migration and orientation to the oocyte. Can oocytes achieve these ends by diffusion gradients of paracrine factors where dilution of the oocyte-granulosa cell microenvironment in culture might adversely hinder the essential conversations? Should exogenous oocyte-derived paracrine factors be provided? Could these confuse the orientation of the TZPs and negatively affect oocyte acquisition of competence to undergo fertilization and embryogenesis?
As this new study closes the oocytegranulosa cell regulatory loop, and we are fascinated by the complex conversations within it, we ask if there are other modalities that participate in the loop. We look forward to future studies for answers to questions like these. Can TZPs deliver important molecules to or from the oocyte that are too large to find their way through gap junctions? Can they be communicated from one cell type to another by a plasma membrane conveyor belt? Can other modalities such as exosomes or microvesicles [17] , or can a mechanism similar to the repurposed retrotransposon Gag protein that mediates transfer of RNA between cells [18] join the conversation?
